abstract. When making research tasks in every field of science is essential to have the conviction that the selected research methods and procedures are reasonable applied, that is, one that effectively lead to the realization of the defined tasks. The set of methods that can be used in foresight projects (future studies) is very rich and, due to the dynamics of foresight, is still open. This article presents a synthetic set of guidelines for the choice of methods for exploring the future, paying attention to the very important fact that the rules of effective methodical conduction, due to its complexity, are often not clearly defined. Depending on the context, functions, stages, types, classes of foresight methods can be used in different ways, which also complicates the creation of optimum model. The article shows that this problem -under certain conditions -can be effectively minimized. The article analyzes the current (shown in the future science literature) approaches, principles, assumptions associated with the selection of foresight research methods.
more valuable that as noted by Zavadskas and Turskis (Zavadskas, Turskis 2010) , "in many real-world decisionproblems a decision-maker has a set of multiple conflicting objectives". "Futures research aims at systematically exploring, predicting and/or explaining future developments with the means of different methods and techniques. Thus, it supports organizations (i.e. companies', regions, etc.) efforts to sense change and adapt or renew accordingly. In this context, the application of futures research methods can serve various goals such as testing strategies, or identifying new fields (i.e. business) or new policy issues" (Duin et al. 2014 ).
In the context of the article is subject, we can say that foresight using research methods (participative, transparent, forwardlooking) (Havas et al. 2010) derived from different fields of science, creates a platform for developing the science of the future. Due to the high complexity of foresight the process of selection of "appropriate methods" has many gaps, which according to the author can effectively supplement, which is proved in this article.
assumptions concerning foresight research process
A set of methods that can be used in these programs is very extensive and because of the dynamics of foresight it is still open. The author has identified a rich list of 116 methods that can be used in foresigh programs (Magruk 2011 ).
Literature does not present simple rules concerning the choice of suitable methods for research. Depending on the function and context of foresight, methods can be used in different ways (Nazarko, Ejdys 2011) which complicates creation of an optimal workflow (UNIDO 2008) .
Several years of direct observation and literature analysis helped the author of this article to identify several important conclusions and assumptions concerning foresight research process:
-the selection of foresight methods is a complex, multifactorial process, but often unsystematic and incoherent process based solely on intuition (Markley 1988) , and sometimes also on inexperience and irresponsibility of practitioners and promoters (Popper 2008b) ; -in foresight studies there is no single best method by which we can resolve the research problem (Slaughter 2004 ); -foresight research methods are selected mainly on the basis of their internal attributes (eg. quantitative-qualitative) (Elena et al. 2008) ; -there are many sources of literature on the use of various research methods, but relatively little has been written about their efficient selection (Elena et al. 2008) ; -appearing in the literature analysis and typological classification is often not taken into account a wide range of foresight research methods. Only a few authors of the study involved more than four classes/types. Additionally, in some cases, definition of typology is confused or equated with the definition of the classification. It is important, therefore, to find ways to facilitate the selection of research methods foresight.
Aspects influencing the selection of the main foresight research methods -gneral view
In most cases (including foresight) some disciplines adopt common methodological assumptions, exploit of research results from related disciplines, and only in appropriate cases, develop a separate method only for the specific discipline (Chrisidu-Budnik et al. 2005) .
The main purpose of foresight, which can be expressed as exploring the future through its targeted building, is carried out by using a variety of tools and research methods.
T. Kotarbiński pays particular attention to the systematic nature of the method and the need for its modification and adaptation to a situation or problem that is under consideration. According to the author of this article, in the case of foresight methods such features as repetition, regularity and adaptation to a given problem are of a special nature. Other important features of the research methods are: intelligibility, clarity, advisability, efficiency and reliability (Apanowicz 2003) . In the case of foresight methods only clarity rule -that excludes the flexibility to use different ways and procedures -it is not always maintained. Some methods (for example, a scenario method, delphi, wild card, etc.), despite the well-established principles of application, allow for flexibility and modifications.
Very important feature of the foresight research method is the possibility of resorting to practical knowledge -based on experience and intuition of experts involved in the study.
M. Alexandrova, D. Marinova, D. Tchonkova, M. Keenan, R. Popper and A. Havas emphasized that the method of foresight (as in other research (Apanowicz 2000) ) should always be selected after determining the aim of research, but never vice versa (Alexandrova et al. 2007; Popper 2008a Popper , 2008b . Only after the identification of phenomena, questions and hypotheses, the relationship between them can proceed to the selection of methods, research tools, indicators (Nowak 2006) .
For example, method-oriented communication and use informal sources of information are relevant when we examine the dynamic and rapidly changing areas. In addition, motivational and coordination function of these methods allow to overcome organizational barriers and personal (Reger 2001) .
Linear presentation of the future, for instance, by extrapolating trends may be useful, only on restricted and solid conditions or in combination with a more dynamic methods. In foresight, there are methods that allow for ambiguity, and those that are sensitive to the initial or new conditions. The foresight nonlinear systems thinking is critical, because even a small event in one place can cause problems in another, because of the sensitivity of the system to new initial conditions. It is important to note that the use of models, research methods in new, unconventional way can become a source of innovation. According to M. Aaltonen and T. I. Sanders for the effective application of foresight research methods it is necessary to understand several guidelines (Aaltonen, Sanders 2006): -in-depth understanding of research methods, which is the starting point for a successful foresight process; -the use of a single method is the wrong approach; just thought a combination of different, even contradictory techniques can give proper results; -mathematical and system engineering methods should be applied in the initial phases of research foresight. In fact, every foresight should be based on knowledge of the largest possible number of sources of information. Foresight projects should end by methods emphasizing the social context; -major in research foresight is to treat the future as a factor having an impact on what is new, and not as a factor which is a continuation of the past.
Referring to the T. J. Gordon and J. C. Glenn (Gordon, Glenn 2004) research, below are presented some important rules that must be taken into account in studies of foresight:
-accuracy and precision are two distinct concepts. Quantitative forecasts can be very precise, but quite inaccurate. On the other hand, the forecast may be accurate, but imprecise; -future relied only on research extrapolation will certainly be flawed; -each typical forecasting is incomplete, because there will never be a complete understanding of all phenomena in the world. Many undiscovered phenomena is not based on precedents; -due to the inaccuracy and incompleteness, the planning must be a dynamic process, based on ongoing scanning of new ideas, the development of new trends and opportunities for the future; -the future depends on the opportunity; changes often irrelevant in the initial phase can turn into phenomena that dominate the tested field; -many methods should be assisted by determination of the likelihood of future events; -accurate forecasts of some complex and non-linear systems can be impossible. − a list of methods that can be used in foresight research should be the fullest; − have knowledge about the characteristics of each method, it is crucial to understand the features of each of them;
− one should set criteria that will allow the selection of appropriate methods and rejection of other techniques.
In general meaning, the choice of methods should be subordinated primarily to issues of the study. It is harmful phenomena when methods dominate over the research issue (Nowak 2006) . According to J. Apanowicz, research methods should be properly "tailored" to the specific nature of the object of study, the characteristics and complexity of the phenomenon and its diagnostic features (Apanowicz 2000) .
Typology and classification of research foresight methods
This section has been made to systematize the typology and classification of research foresight methods. According to the author this brief characteristics, on the one hand complements descriptions in the previous section, as well as synthesizes guidelines for building effective research foresight methodologies. Table 1 shows a summary list of the existing typologies and classifications of method used in future studies.
J. C. Glenn, T. J. Gordon are one of the first authors who have made a thorough analysis of methods used in the future studies (Gordon, Glenn 2004 ).
The UNIDO handbook characterizes two classifications. First, by I. Miles and M. Keenan, includes 13 methods and 4 classes (Cariola 2007; UNIDO 2008) . The second classification of G. May includes 40 methods and is divided into 3 classes: I. Foreseeing: II. Managing and III. Creating. The starting point in the foreseeing is the present (or past), which takes anticipation of a possible or probable future (UNIDO 2008) . The methods of management group are focused on management of changes and strategic crisis. These methods are often based on the identification of new peripheral trends, weak signals or tsunami of change (May 2009) . Creating is based on the normative methods and assumes that the future does not exist, but can be invented and developed (UNIDO 2008) .
In addition, in the UNIDO handbook we can find two types of methods -focusing on the product and focus on the process. The first group of methods allows generate of formal results as e.g. scenarios, key technologies, etc. Methods focused on the process allows to look at the foresight problem in several stages, facilitating the continuation of the program after its finish and creation of sustainable networks between participants of foresight studies (UNIDO 2008).
M. Aaltonen, T. I. Sanders, referring to the research of J. C. Glenn and T. J. Gordon created a typology consisting of 29 methods in four areas as combination of four dimensions called perspectives: mathematical, social, engineering and system. Methods of engineering and system groups are used for a long time, with a strong grounding for example in strategic management. Mathematical methods based on complex adaptive systems are still not very common in future studies. Together with the methods O. Saritas divided 32 foresight research methods into five types according to key stages of systemic foresight: understanding, synthesis and model, analysis and selection, transformation, actions (Elena et al. 2008 ).
R. Popper and I. Miles made the typological distribution foresight research methods in-debt criterion, which are the stages of foresight: pre-foresight, recruitment, generation, action, reneewal. Another, well known among practitioners of foresight, the R. Popper's typological distribution of methods (relating to the classification of quantitative, indirect and qualitative methods) is foresight diamond, comprising four dimensions: creativity, interaction, evidence, expertise (Popper 2008b ). According to R. Popper, proper design of foresight research methodology should include the use of at least one method of each dimension of diamond (Popper 2008a ). According to the author of this article, R. Popper's approach is correct, but incomplete. Many methods are not clearly assigned to specific poles of the diamond. This fact can create big problems -especially for new practitioners of foresight -in the process of construction of research methodology.
Another classification is composed of two groups: bottom-up and top-down. Practitioners emphasize the importance of foresight methods from the bottom-up group, based on the participation of a wide range of stakeholders (not only expert) with different backgrounds. In this approach, the prevailing view that more important than the final results are research process, social participation and debate. In a study of top-down central role is played by the experts. Most results (both fragmentary as well as the final) are based on their opinions (Popper 2008b ).
International project EUFORIA let distinguish 4 original types of methods. Methods based on the virtual environment used digital tools (eg. Internet network) are recommended in case of complicated calculations and the need for systemic look at the issue. Methods based on the work in a real environment, force personal contact of foresight stakeholders, which affects the speed-up the final results. Methods based on the intuition of experts (heuristic) generate original ideas and solutions. Analytical methods use of readily available knowledge as evidence, statistics, analysis, allowing appoint vision and development priorities (Popper, Korte 2004 ).
R. Slaughter made a classification of twelve methods due to the 4 functions. Input methods accumulate the knowledge needed in the organization of the entire research process. Analytical methods are the main in the research process and are often used in combination with other methods. Paradigmatic methods are those that treat studied objects in a systemic way using a holistic vision of the world. Iterative methods allow for substantive determining the future and development of strategies (Slaughter 1997) K. Borodako (using research of F. Tilley and T. Fuller) distinguishes three groups: strategic methods (which create scenarios), forecasting methods (extrapolating future) and a futuristic methods (based on the narrative of alternative futures) (Borodako 2009 ).
F. Tilley and T. Fuller identify three classes of foresight methods: predictive, cultural, critical. The first group is identical to the explorative methods. The aim of cultural method is understanding (insight) of research problem and the treatment of language and cultural aspects as important in the process of creation of reality. The aim of the critical methods is to find ways of uniting sophisticated analyses (Tilley, Fuller 2000) . K. Cuhls, K. Blind, H. Grupp distinguished 3 classes of foresight 30 research methods: cognitive (large and small scale), statistical and econometric (extrapolative, econometric, facilitating decision making), structural and causal (scenario, simulation, evaluation) (Cuhls et al. 2002) .
According to A. L. Porter creative methods allow to generate of novel approaches. The descriptive and matrix approach facilitates the interpretation of the examined information. Monitoring and intelligence methods outline and profiles the available information. Scenario methods combine multi-shots in order to build alternative futures. Methods of time trends analysis are used to projection into the future. Valuing/decision/economic methods support estimation of certain activities (for example political). Roadmapping methods inform and assist the planning of development of science and technology. Combined methods integrate various research tools in order to develop the perspective of a better future (Porter 2010) .
Among the prospective methods, J. Voros distinguishes two classes of methods. In the evolutionary methods starting point is the present time, which occurs relatively stable, predictable and reliable development. Revolutionary methods focus on a distant, hard predictable future, based on emergency events, not necessarily connected with the present. These methods are often characterized by sudden, a different point of view (Voros 2006) .
Despite the fact that some typological and classification approaches are very popular in literature, in the opinion of the author of this article, they have many limitations. The new classification (Table 2 ) of A. Magruk (Magruk 2011) takes into account all the characteristics of existing typologies and classifications enriching them many other features. The homogeneous distribution to 10 separate classes appears to be more complete, so that the selection of methods seems to be easier.
selection of foresight research methods according to the context of research, stages and the author's classification
In present chapter author of the article referred to a study JW Creswell (for F. Boardman), the investigator combining quantitative and qualitative methods, which states that in the process of combination of research methods answer the following key questions (Boardman 2012) :
-In what order the collected qualitative and quantitative data will be implemented to research? -What relative priority will be given to the collection and analysis of qualitative and quantitative data? -At what stage of the project qualitative and quantitative data will be integrated?
The first question can strictly refer to the stages of the foresight process. The author has analyzed the potential application of the methods of the class (Table 2 ) of selected research phase of foresight. The second question is related to the selected contexts foresight studies. In this case, these are the contexts of technological, social, and cognitive (Nazarko 2013) . Priorities are reflected by the strength of ties methods with particular contexts (Table 3 ). The third question corresponds directly with the stages of research foresight and indirectly from the author's classes.
Determined research context of and the selection of appropriate methods are highly interdependent of each other. They also have a direct relationship with the stages of foresight process. Methods relating to the technological sphere analyze in a strong degree of technological aspect. Using them can be implemented the following functions (Phaal et al. 2004) : identification of key technologies, assessment of risks and opportunities of technology, analysis of technology in relation to the competition; vision for future, technology trends, identification, observation and analysis of new technologies, monitoring technology and the results of previous studies, identification of actions to be taken in order to develop the technology.
Methods referring to the social context are methods: testing (monitoring) social needs, analyzing expectations (and their dynamics) of different groups of potential customers, examining the structure of social change to enable active participation in creating a vision for the development of wide or narrow groups, examining the factors affecting social development, affecting the social networking (Borup et al. 2006; Martin 2010) . (Phaal et al. 2004 ).
The main criterion for determining the strength of the links of the method of the specific context of a set of individual characteristics associated with each method (Magruk 2011).
Foresight methods can be used in different phases of the research process. Referring to research R. Popper (Popper 2008a ) (which presented an analysis of the usefulness of selected methods in different stages of foresight), author calculated the potential use of 116 methods in each of, identified by author, eight stages of foresight in the relation to the author's classification (Table 4) . On the basis of this analysis has been made of the synthetic measurement (using a weighted average) potential for the application of each class in each stage of the foresight research.
Author's study allowed to synthetic location of each class on specific thematic map that refers to the stages of foresight studies as well as three contexts: technological, social and cognitive (Fig. 1) . This schematic approach, although simplistic, provides good basis for the implementation of the main goal of article, namely the development of methodology of designing hybrid systems integrating synergistic research methods, and thus to improve the methodological aspects of foresight.
Based on author's analysis we can draw general conclusion that each class creates a group of substitute methods to each other and complementary to the methods of other classes. Using the methods only form one class can lead to a situation in which the method will share related information resources, as well as to generate results in a similar way, without thereby affecting the desired synergy effect. The most favorable situation for foresight research methodology is selection of methods in each stage from the various classes with high-potential applications, with balanced reference to three contexts. In the opposite situation may occur the situation that each context will be stressed too weak. Or one context will be exposed too much in relation to the other, which involves a risk of domination by any discipline. Referring to Figure 1 , it can be concluded that it is particularly inappropriate to use methods only from consultative class due to very strong connection in social and cognitive contexts, through which there is a risk of insufficient emphasis technological sphere. A similar situation, with the possibility of dominance of subject in the cognitive context, can occur when we use in the main stage, most methods only from one class: creative, normative, multicriterial or simulation.
Theoretical effective selection of foresight methods
In order to verify the process of selection of appropriate foresight methods below is shown an example of obtaining a synergistic effect. For this purpose, was used as one hypothetical example (Fig. 2) illustrates the effective selection method that is based on strong appeal to the stages and the three main contexts of foresight.
Model preserves the balance between contexts: technological, social and cognitive. Methods belong to different classes, so that they remain complementary character. Synergistic effect may manifest itself as follows: 1) The relation among the first three methods is the subject of exchanging opinions (based on literature and patent review) by vide range of stakeholders at conferences/workshops; 2) Using next three methods we can create visionary image of the future, which is divided into fragments, which are more specific and easier to interpret. Evaluative i resuming stages it is difficult to analyze in the context of synergism due to their several years distance from fundamental research.
During designing the research methodology of foresight, it is important to remember that there are many ways of combining of research methods. For example, all possible combinations of six methods (it is the average number of methods used in global foresight projects) from the set of 33 methods is 1,107,568, the number of permutations in the six methods is 720, so that all possible connections is about 800 million. Combining six methods (out of 116 methods identified by the author of this article) it will be received over 3 billion calls, which makes it impossible to determine one of the best combinations.
conclusions
In author' opinion selection of adequate objective foresight research methods, eg. on the basis of the appropriate classification may affect, among other things, the following aspects identified by M. M. Aaltonen and T. I. Sanders (UNIDO 2008):
-make the foresight process more systematic; -increase the intelligibility of the input materials and the results of the foresight process; -create forums for interaction and communication between the actors of the system; -assist in the visualization of the possible and/or desired future.
According to the author selected research methods should complement each other, so that their use in various stages of foresight gave the best results. A feature of these methods, depending on the competence of methodical foresight practicioners should both also be ease to implementation and the give ability to fully solve the research problem.
The analysis made in this article highlights the fact that the use of methods from only one group can deplete foresight study, because not have equal relevance of all aspects. According to the author the ability of classification of foresight methods may assist them in the design of a complementary selection, without limiting the flexibility of foresight. 
